Prediction of the impact of venoarterial extracorporeal membrane oxygenation on hemodynamics.
Although venoarterial extracorporeal membrane oxygenation (ECMO) was developed to rescue patients with cardiogenic shock, the impact of ECMO on hemodynamics is often unpredictable and can lead to hemodynamic collapse. In this study, we developed a framework in which we incorporated ECMO into the extended Guyton's model of circulatory equilibrium and predicted hemodynamic changes in response to ECMO. We first determined the cardiac output (CO) curves of left and right heart (to generate the integrated CO curve) without ECMO in eight normal and seven dogs with left ventricular dysfunction. Using the CO curves obtained and standard parameters for the venous return surface, we predicted the circulatory equilibrium under various levels of ECMO support. The predicted total flow (native left heart flow plus ECMO flow), right atrial pressure (PRA), and left atrial pressure (PLA) matched well with those measured [total flow: coefficient of determination (r(2)) = 0.99, standard error of estimate (SEE) = 5.8 ml·min(-1)·kg(-1), PRA: r(2) = 0.95, SEE = 0.23 mmHg, PLA: r(2) = 0.99, SEE = 0.59 mmHg]. Lastly, we estimated the CO curves under ECMO support from minute changes in hemodynamics induced by change in ECMO. From the CO curves estimated, we predicted the circulatory equilibrium. The predicted total flow (r(2) = 0.93, SEE = 0.5 ml·min(-1)·kg(-1)), PRA (r(2) = 0.99, SEE = 0.54 mmHg), and PLA (r(2) = 0.95, SEE = 0.89 mmHg) matched reasonably well with those measured. A numerical simulation indicated that ECMO support may cause pulmonary edema, if right ventricular function is compromised. We conclude that the proposed framework may enhance the benefit and reduce the risk of ECMO support in patients with critical hemodynamic conditions.